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(54) [Title of the Invention] Crosslinked Copolymer Particles and Manufacturing Method 

Therefor 

(57) [Abstract] 

[Problem] To provide crosslinked copolymer particles for use in an easy-to-use 
adsorbent for solid-phase extraction with a superior recovery rate, and a method for 

■ 

manufacturing these crosslinked copolymer particles. 

[Solution] A method for manufacturing crosslinked copolymer particles, wherein 
aqueous suspension polymerization is performed on 20 to 70 ppw monomer (a) 
expressed by general formula (I) and 30 to 80 ppw polyhydric alcohol poly(meth)acrylic 
acid ester (b) 

[Formula 1] (I) 
(Here, R1 through R8 denote different hydrogen atoms, alkyl groups with 1 to 20 carbon 
atoms, hydroxyl groups and/or halogen atoms). 

[Claims] 

[Claim 1] A method for manufacturing crosslinked copolymer particles, wherein 
aqueous suspension polymerization is performed on 20 to 70 ppw monomer (a) 
expressed by general formula (I) and 30 to 80 ppw polyhydric alcohol poly(meth)acrylic 
acid ester (b) 

[Formula 1] (I) 
(Here, R1 through R8 denote different hydrogen atoms, alkyl groups with 1 to 20 carbon 
atoms, hydroxyl groups and/or halogen atoms). 
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[Claim 2] Crosslinked copolymer particles obtained using the manufacturing method in 
claim 1, wherein general formula (I) is a divinyldiphenyl. 

[Claim 3] Crosslinked copolymer particles obtained using the manufacturing method in 
claim 1 or claim 2. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] The present invention relates to crosslinked copolymer 
particles for use in an adsorbent for solid-phase extraction, and a method for 
manufacturing these crosslinked copolymer particles. 

[0002] 

[Prior Art] The liquid-phase extraction method is most commonly used for extracting 
target substances from liquids. However, this method is difficult to use and requires a 
large amount of solvent. 

[0003] Soon, the solid-phase extraction method will be used to process large amounts of 
target substances in connection with a method of synthesizing silica-based and polymer- 
based porous particles. This extraction method is easy to use and does not require a 
large amount of solvent. The following particles are known to be used in solid-phase 
extraction. 

(1) Silica gels and chemically bonded silica gels in which the surface of the silica gel has 
been altered chemically 
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(2) Styrene-divinylbenzene copolymers 

(3) (Meth)acrylic acid ester copolymers 

[0004] 

[Problem Solved by the Invention] Unfortunately, these particles experience the 
following problems. (1) Some of the target substance breaks down due to the impurities 
in the silica when a chemically bonded silica gel is used to perform an environmental 
analysis of synthetic antibacterial residues in meat. 

[0005] (2) Styrene-divinyl benzene copolymers are not easy to use when processing 
aqueous solutions because of they are strongly hydrophobic. 

[0006] (3) The target substance recovery rate is low in the case of (meth)acrylic acid 
ester copolymers because they are strongly hydrophilic. After coating an extraction tube 
filled with the copolymer and concentrating the substance, the organic solvent used in 
the extraction process causes the copolymer to expand. As a result, it is also difficult to 
use. 

[0007] The purpose of the present invention is to solve these problems by providing 
crosslinked copolymer particles for use in an easy-to-use adsorbent for solid-phase 
extraction with a superior recovery rate, and a method for manufacturing these 
crosslinked copolymer particles. 

[0008] 
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[Means of Solving the Problem] 

(1) A method for manufacturing crosslinked copolymer particles, wherein aqueous 
suspension polymerization is performed on 20 to 70 ppw monomer (a) expressed by 
general formula (I) and 30 to 80 ppw polyhydric alcohol poly(meth)acrylic acid ester 

(b) 
[0009] 

[Formula 1] (I) 
(Here, R1 through R8 denote different hydrogen atoms, alkyl groups with 1 to 20 carbon 
atoms, hydroxyl groups and/or halogen atoms). 

(2) Crosslinked copolymer particles obtained using the manufacturing method in (1), 
wherein general formula (I) is a divinyldiphenyl. 

(3) Crosslinked copolymer particles obtained using the manufacturing method in (1) or 

(2). 

[0010] 

[Embodiment of the Invention] In the compound (a) of the present invention expressed 
by general formula (I), R1 through R8 denote different hydrogen atoms, alkyl groups 
with 1 to 20 carbon atoms, hydroxyl groups and/or halogen atoms. The alkyl group with 
1 to 20 carbon atoms can be a straight-chain alkyl group such as a methyl group, an 
ethyl group, a propyl group, a butyl group, a pentyl group and a hexyl group, or a 
branched-chain alkyl group such as an isopropyl group, an isobutyl group, a tert-butyl 
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group or an isopentyl group. The halogen atoms can be Cl t Br, F or I. A monomer in 
which R1 through R3 in general formula (I) are hydrogen atoms is a divinyldiphenyl. 
There are no restrictions on the purity, but it should be at least 50% pure. 

[0011] Examples of polyhydric alcohol poly(meth)acrylic acid esters (b) used in the 
present invention include alkylene glycol divinyl esters such as ethylene glycol 
diacrylate, ethylene glycol dimethacrylate, propylene glycol diacrylate and propylene 
glycol dimethacrylate; polyalkylene glycol divinyl esters such as polyethylene glycol 
diacrylate, polyethylene glycol dimethacrylate, polypropylene glycol diacrylate and 
polypropylene glycol dimethacrylate; and other vinyl-based monomers such as glycerin 
diacrylate, glycerin triacrylate, glycerin dimethacrylate, glycerin trimethacrylate, 
trimethylol propane diacrylate, trimethylol propane triacrylate, trimethylol propane 
dimethacrylate, trimethylol propane trimethacrylate, tetramethylol methane diacrylate, 
tetramethylol methane triacrylate, tetramethylol methane dimethacrylate, tetramethylol 
methane trimethacrylate, ethylene glycol diaryl ether, propylene glycol diaryl ether, 
polyethylene glycol diaryl ether, polypropylene glycol diaryl ether, glycerin diaryl ether, 
glycerin triaryl ether, trimethylol propane diaryl ether, trimethylol propane triaryl ether, 
tetramethylol methane diaryl ether, tetramethylol methane triaryl ether, tetramethylol 
methane tetraaryl ether, phenoxyethyl methacrylate, methacrylic acid 
phenoxytetraethylene glycol, methacrylic acid phenoxytetraethylene glycol, benzyl 
methacrylate, cyclohexyl methacrylate, tetrahydrofurfuryl methacrylate, dicyclopentenyl 
methacrylate, dicyclopentenyl oxyethyl methacrylate, N-vinyl-2-pyrolidone methacrylate, 
methacrylonitrile, methacrylamide, N-methy lol methacrylamide, 2-hydroxyethyl 
methacrylate, hydroxypropyl methacrylate, hydroxybutyl methacrylate, and 2-hydroxy-3- 
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phenyloxypropyl methacrylate. These compounds can be used alone or in combinations 
of two or more. 

* 

[0012] Aqueous suspension polymerization is suspension polymerization performed in 
an aqueous medium. The aqueous medium is essentially water, but an organic solvent 
can be dissolved in the water so long as it does not endanger the stability of the 
suspension system. 

[0013] Aqueous suspension polymerization is performed in the presence of a 
polymerization initiator. The polymerization initiator should be a peroxide-based radical 
initiator or an azo-based radical initiator. Examples of peroxide-based radical 
polymerization initiators include benzoyl peroxide, 2-ethylhexyl perbenzoate, acetyl 
peroxide, isobutyryl peroxide, octanoyl peroxide, lauroyl peroxide, tert-butyl peroxide, 
cumene hydroperoxide, methylethyl ketone peroxide, 4,4,6-trimethylcyclohexanone di- 
tert-butylperoxyketal, acetone di-tert-butylperoxyketal, and diisopropyl hydroperoxide. 
Examples of azo-based polymerization initiators include 2,2'-azobisisobutyronitrile, 2,2- 
azobis (2,4-dimethylvaleronitrile), (1-phenylethyl) azodiphenyl methane, 2,2'-asobis (4- 
methoxy-2,4-dimethylvaleronitrile), dimethyl 2,2-azobisisobutylaVe, 2,2 , -azobis (2- 
methylbutyronitrile), 1,1-azobis (1-cyclohexane carbonitrile), 2-(carbamoylazo) 
isobutyronitrile, 2,2-azobis (2,4,4-trimethylpentane), 2-phenylazo-2,4-dimethyl-4- 
methoxyvaleronitrile, and 2,2 , -azobis (2-methylpropane). These polymerization initiators 
can be used alone or in combinations of two or more. 
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[0014] Here, 0.05 to 10 ppw radical polymerization initiator is added to 100 ppw 
monomer with a single vinyl group. If less than 0.05 ppw is added, some unreacted 
monomer remains in the polymer microparticles. If more than 10 ppw is added, some of 
the radical polymerization initiator is wasted, it is more difficult to control the heat during 
polymerization, and the length of the molecule chains is unsatisfactory. The amount 
added depends on the type of monomer used, but ideally it should range between 0.1 
and 4.0 wt% versus the total weight of the monomer. 

[0015] The aqueous suspension polymerization should be performed in the presence of 
a dispersant. Examples of dispersants include aqueous cellulose derivatives such as 
polyvinyl alcohol, alkyl cellulose, hydroxyalkyl cellulose and carboxyalkyl cellulose; 
macromolecular protective colloids such as sodium polyacrylate; and non-aqueous 
phosphoric acid salts such as tricalcium phosphate and hydroxyapatite. Here, 0.001 to 
50 wt% dispersant should be added to the water. 

[0016] If necessary, a dispersant aid such as an anionic surfactant can be added to the 
polymerization system in order adjust the particle diameter, and an aqueous inorganic 
salt can be added to the reaction system in order to prevent solubility in the monomer 
and water containing a non-soluble organic solvent. 

[0017] Compounds (a) and (b), the dispersant, the polymerization initiator and, if 
necessary, the dispersant aid and organic solvent can be mixed together beforehand or 
added to the aqueous medium individually and then dispersed. Here, a high-speed 
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stirrer such as a homo-mixer (3000 to 8000 rpm) is used. Ideally, the high-speed stirrer 
should be used until the beginning of polymerization. 

[0018] During polymerization itself, a normal stirrer (10 to 1000 rpm) such as a propeller 
mixer is used. The amount of aqueous medium used should be 1 to 50 ppw versus the 
entire weight of compounds (a) and (b) and the organic solvent. Here, the aqueous 
medium is water, but an organic solvent can be dissolved in the water so long as it does 
not endanger the stability of the suspension system. If an organic solvent that does not 
dissolve or dissolves poorly in water is added during polymerization, the crosslinked 
copolymer particles become porous. 

[0019] The amount of organic solvent that dissolves should be less than 15 g per 100 g 
of water at 25°C. Examples include a fatty ester or aromatic ester such as toluene, 
xylene, ethyl benzene, diethyl benzene, heptanol, tsoamyl alcohol, ethyl acetate, butyl 
acetate, dimethyl phthalate and diethyl phthalate; or some other well-known organic 
solvent such as monoethyl ether acetate ethylene glycol, hexane, octane or decane. 
The organic solvent used depends on the type of monomers used to obtain the polymer. 
One of these organic solvents or a combination of two or more can be used. 

[0020] The ratio of organic solvent should range between 5 and 300 wt%, preferably 
between 20 and 200 wt%, and ideally between 50 and 100 wt%, versus the total amount 
of vinyl monomer. If the ratio is less than 5 wt% or greater than 300 wt%, then the 
porosity of the particles js unsatisfactory. The polymerization reaction is performed for 5 
to 10 hours at a temperature between 60 and 90°C. 

9 CERTIFIED: A TRUE TRANSLATION 

Shawn R. Lindholm, Assistant Director 

Translation Center 
University of Massachusetts Amherst 



[0021] The spherical particles obtained in this manner should have a particle diameter 
between 1 and 200 |im, and ideally between 20 and 150 jim. These can be classified if 
necessary and used as an adsorbent for solid-phase extraction. 

[0022] 

[Working Examples] The following is an explanation of the present invention with 
reference to the working examples. 

[0023] Working Example 1 

A mixture of 100 g of 52% divinyldiphenyl (isomeric mixture) serving as the compound 
from general formula (I) in the present invention, 100 g of ethylene glycol 
dimethacrylate, 200 g of butyl acetate serving as the organic solvent that does not 
dissolve or dissolves poorly in water, 50 g of isoamyl alcohol and 1.0 g of azobis 
isobutyronitrile was suspended in 1.0 liter of a 0.1% methylcellulose aqueous solution, 
stirred at high speed (1500 rpm) using a homo-mixer for 1 hour at 70°C, and the particle 
diameter of the oil droplets was adjusted to between 30 and 100 urn. Afterwards, a 
reaction was performed for 6 hours at 80°C while stirring the mixture using an ordinary 
propeller mixer (200 rpm) in order to obtain crosslinked copolymer particles. 

[0024] The particles were filtered, rinsed in 5 liters of ion-exchange water and 2 liters of 
acetone, and dried in a vacuum. The particles were then classified to a diameter 
between 40 and 90 jim, and used as an adsorbent for solid-phase extraction. 
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[0025] As shown in FIG 1, a plastic reservoir 3 containing plastic filters 1 was filled with 
0.5 g of adsorbent 2 between the filters 1 to create a cartridge column 4 for solid-phase 
extraction. 

[0026] Pesticides were then concentrated and the recovery rate measured using the 
cartridge column for solid-phase extraction 4 based on the following steps. 

(1) The cartridge column for solid-phase extraction 4 is set in the aspiration manifold 6 
as shown in FIG 2. 

(2) A measuring flask 7 is set inside the aspiration manifold 6. 

(3) Suction is started and the pressure inside the aspiration manifold 6 is reduced to 
between 11 and 13 mmHg. 

(4) 5 nil of acetonitrile is added to the reservoir for target substance introduction 5, the 
two-way stopcock 8 is opened, and suction is created. 

(5) 30 ml of pure water is introduced. 

(6) 5 ml of six different common pesticides adjusted to 10 ppm is diluted by a factor of 
40 in a 20 ml measuring flask to obtain 200 ml of a substance containing the six 
different pesticides adjusted to 0.25 ppm, which is added to the reservoir for target 
substance introduction 5, passed through the cartridge column for solid-phase 
extraction 4, and the pesticide component is concentrated in the adsorbent inside 
the cartridge column for solid-phase extraction 4. 

(7) After the liquid is shut off to the cartridge column 4 and the two-way stopcock 10 is 
closed, the cartridge column for solid-phase extraction 4 is moved away with the 

11 CERTIFIED: A TRUE TRANSLATION 

Shawn R. Lindholm, Assistant Director 

Translation Center 
University of Massachusetts Amherst 



reservoir for target substance introduction still attached and connected to the two- 
way stopcock 10. 

(8) 5 ml of acetonitrile is added to the reservoir for target sample introduction 5, the two- 
way stopcock 10 is opened, and the concentrated pesticide component is eluted into 
the measuring flask 9. 

(9) The concentrated pesticide component is shaken vigorously, 20 ^il is separated 
using high-performance liquid chromatography, and the area value is determined. 

(10) 20 fxl of a reference substance containing seven different common pesticides 
adjusted to 10 ppm each is separated using high-performance liquid 
chromatography, and the area value is determined. 

(11) The recovery rate is the area value of the concentrated component divided by the 
area value of the reference substance. 

[0027] If the adsorptive power of the adsorbent is poor, the pesticides in the target 
substance are either not adsorbed by the adsorbent or adsorbed but not smoothly 
desorbed. In both cases, the recovery rate is poor. 

[0028] The results of the recovery rate measurements are shown in Table 1 . Because 
all of the recovery rates are higher than 85%, the substance concentrating power is 

^ 

considered superior. 
[0029] Working Example 2 

The synthesis and recovery rate measurement were performed in the same manner as 
the first working example except that 150 g of 52% divinyldiphenyl (isomeric mixture) 
was used as the compound in general formula (I) and 50 g of ethylene glycol 
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dimethacrylate was used. The results are shown in Table 1. As in the case of the first 
working example, the recovery rate is superior. 



[0030] Comparative Example 1 

The synthesis and recovery rate measurement were performed in the same manner as 
the first working example except that 200 g of 60% divinylbenzene was used. The 
results are shown in Table 1. Some of the recovery rates were lower, but were 
considered impossible to reproduce. 



[0031] Comparative Example 2 

The synthesis and recovery rate measurement were performed in the same manner as 
the first working example except that 160 g of ethylene glycol dimethacrylate and 40 g of 
stearyl methacrylate were used. The results are shown in Table 1. Some of the 
recovery rates were lower, but were considered impossible to reproduce. 



[0032] 
[Table 1] 

Table 1 





Recovery Rate (%) 


W.E. 1 


W.E. 2 


C.E. 1 


C.E. 2 


Asulam 


99.8 


97.8 


81.2 


78.9 


Oxine-Cu 


99.5 


95.6 


85.1 


30.3 


Mecoprop 


99.8 


96.3 


95.8 


100.6 


Thiuram 


100.1 


98.7 


85.7 


100.9 


iprodione 


99.6 


98.1 


100.2 


106.3 


Bensulide 


100.4 


99.2 


100.4 


103.7 



[0033] 

[Effect of the Invention] Because the crosslinked copolymer particles in the present 
invention have superior adsorptivity and desorptivity, and a high recovery rate, target 
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substances diluted in solutions such as pesticides, halogen-based solvents and other 
environmental hazards can be easily concentrated and the concentrated substances 
can be easily analyzed. 

* 

* * 

* 

[Brief Explanation of the Drawings] 

[FIG 1] A schematic of a cartridge column for solid-phase extraction. 

[FIG 2] A schematic of the method used to measure the concentration and recovery 

rate for a pesticide. 

[Key to the Drawings] 
1 ... filter 
2 ... adsorbent 
3 ... reservoir 

4 ... cartridge column for solid-phase extraction 

5 ... reservoir for target substance introduction 
6 ... aspiration manifold 

7 ... measuring flask 
8 ... two-way stopcock 
9 ... measuring flask 
10 ... two-way stopcock 

[FIG1] 
(units: mm) 
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[FIG 2] 

t discharge 
<- aspirator 
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